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Many models of physics beyond the Standard Model predict the existence of heavy
stable electrically and coloured charged particles (HSCP). The 14 TeV proton proton
collisions produced by the Large Hadron Collider (LHC) open the way to the production
of these particles with masses up to several hundreds of GeV/c2. The CMS and ATLAS
detectors are capable of performing a direct observation of these particles by exploiting
their unique signature: low velocity associated with a high momentum of the order a
few hundred GeV/c. The perspectives for HSCP searches with integrated luminosities
of 100 pb−1 and 1 fb−1 are presented.
1 Introduction
Throughout this document a Heavy Stable Charged Particle (HSCP) is a stable or quasi
stable massive particle that posses an electric and/or a strong charge. Mass values of the
order of 100 GeV/c2 or more are considered. HSCPs are predicted [2] by many models
beyond the Standard Model (SM). Some relevant cases are staus (τ˜1) in Gauge Mediated
Supersymetry Breaking (GMSB) models [3], gluinos (g˜) in split supersymmetry [4], Kaluza-
Klein leptons (τ
KK
) in the Minimal Universal Extra Dimension (MUED) model [5], and
stable stops (t˜1) in Minimal Supersymmetric Standard Model (MSSM) [6].
HSCPs could be produced by the Large Hadron Collider (LHC) as a result of direct pair
production processes or as final products of the decay chain of heavier exotic particles.
From the experimental point of view, HSCPs without colour charge behave just like heavy
muons. An HSCP with strong charge will hadronize and form a so-called “R-hadron”,
which can be an “R-meson” an “R-baryon” or a “gluino-ball”. R-hadrons will undergo
nuclear interactions within detector. Current models describing such nuclear interactions
assume that the heavy parton acts as a spectator. Therefore, the energy loss experienced by
an R-hadron is sufficiently small for it to easily reach the muon system of an LHC detector.
A different R-hadron species can result from a nuclear interaction. The electric charge of
the new R-hadron can also change (charge flipping). An HSCP produced at the LHC is
likely to be non relativistic. The two plots in Figure 1 show the velocity (β) and transverse
momentum (pt) distribution of the R-hadrons resulting from gluinos of different mass values
produced in pairs at the LHC.
2 Detection Techniques in CMS and ATLAS
The identification of an HSCP is based on its low velocity (β) and high momentum. Two
independent measurements of these quantities allow to determine the particle’s mass. The
momentum is measured with the inner tracker and/or the muon detectors from the curvature
of the track in the magnetic field in both the CMS [7] and ATLAS [8] experiments. Two main
methods to measure β have been investigated so far. An indirect measurement is provided by
the ionisation energy loss in the tracking silicon detectors. Instrumental aspects that must
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Figure 1: R-hadron β and pt distribution at production for several gluino masses as indicated
on the plots.
be kept under control are non linear response of the electronics, temperature dependence
of the signal, saturation of the electronics dynamic range, non synchronized sampling of
the analog signal due to the particle delayed arrival, response equalization across all silicon
modules and calibration of the absolute mass scale. A direct β measurement is achieved
from the HSCP time of flight measured with the muon detectors of both CMS and ATLAS.
Drift chambers in the central region of the detector are used because of their very good time
resolution (O(1ns)). The particle delay, however, can lead to complications in the readout
timing : the minimum particle β to have a muon trigger signal synchronized with the signals
produced by the particle in the inner detectors is about 0.65 and 0.75 for CMS and ATLAS,
respectively. Trigger inefficiency is expected for slow HSCP because the trigger electronics
is tuned on particles travelling at the speed of light. Finally, the charge flipping effect can
also have a significant impact on the HSCP track reconstruction. If the two β measurements
are used together, the only background are very slow muons with an important energy loss.
In that case, the background rejection is high because the two β measurement methods are
sensitive to different backgrounds.
3 Feasibility studies
CMS has studied [13] different mass values for all four HSCP scenarios listed in section 1.
Two points on the SPS line 7 [14] were chosen to benchmark the τ˜1 case. Samples were gen-
erated with PYTHIA [9]. Production cross sections are listed in the Table 1. Hadronization
of stops and gluinos was performed with PYTHIA and the fraction of produced gluino-balls
was arbitrarily set to 0.1. Events were fully simulated with GEANT4 [10] with a specific
routine [11] for the interaction of R-hadrons with matter. The official CMS background
samples consisting of approximately 150 M of fully simulated weighted events were used for
background evaluation. They represent the first 1000 pb−1 of LHC data and include, among
others, W+jet, Z+jet, tt¯+jet samples as well as muons from Drell-Yan, Z, W, bottomonia,
charmonia and jets. Online event selection relies on the standard single muon trigger with
increased pt cut after the Level-1 Trigger to relax the isolation requirements. Missing trans-
verse energy and jet triggers are also used to recover an important fraction of HSCPs that
are not selected by the muon trigger. Calorimeter-based triggers are indeed not affected by
timing issues and charge flipping. They are also sensitive to accompanying hadronic activity.
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So, calorimeter-based triggers can increase triggering efficiency by 75% for R-hadrons with
a mass above 1TeV/c2. CMS overall trigger efficiencies are close to 100% for τ˜1 and 80%
for τ
KK
. Efficiencies for R-hadrons are in the range [37%, 96%].
Data Sample CrossSection (pb)
τ˜1 (156GeV/c
2) 1.19× 10 0
τ˜1 (247GeV/c
2) 9.70× 10 2
t˜1 (130GeV/c
2) 1.11× 10 3
t˜1 (200GeV/c
2) 1.77× 10 2
t˜1 (300GeV/c
2) 2.74× 10 1
t˜1 (500GeV/c
2) 1.27× 10 0
t˜1 (800GeV/c
2) 7.81× 10−2
Data Sample CrossSection (pb)
τ
KK
(300GeV/c2) 2.00× 10 2
g˜ (200GeV/c2) 2.20× 10 3
g˜ (300GeV/c2) 1.00× 10 2
g˜ (600GeV/c2) 5.00× 10 0
g˜ (900GeV/c2) 4.60× 10−1
g˜ (1200GeV/c2) 6.10× 10−2
g˜ (1500GeV/c2) 1.00× 10−2
Table 1: Cross sections computed by PYTHIA for different HSCP production models.
Offline event selection is based on matching HSCP candidates from the inner tracker (iden-
tification based on ionization energy loss) and muon system (identification with the time-
of-flight technique). In both cases an HSCP candidate is required to have ptt > 30GeV/c
in addition to a number of quality criteria on the reconstructed track in the inner tracker
and muon system. The two collections are then associated by geometric and momentum
compatibility. Finally it is required that both β measurements are smaller than 0.8 and that
the average of the mass measured with the two techniques is greater than 100GeV/c2. No
background events are observed to pass the above selection. The left plot on Figure 2 shows
the required luminosity to select three events for the different signal samples . The error bars
correspond to the systematic uncertainty of about 50%, which in this study is dominated
by the muon trigger efficiency. The right plot on Figure 2 shows the reconstructed mass
distribution with 1fb−1 for two of the lowest cross section samples (300GeV/c2 KK tau and
800GeV/c2 stop).
An analysis strategy for stable gluino has been studied also by ATLAS [12]. Simulation
conditions are the same as in the CMS study with the exception that gluino mass values
up to 2 TeV were considered and a fast simulation of the detector was used. Events were
selected with the standard ATLAS trigger table for a luminosity of 1033cm−2s−1 and by
requiring the presence of a reconstructed muon with a pt > 70GeV/c and with a time-of-
flight exceeding by at least 3ns the one of a muon with the same momentum. The signal
significance obtained for an integrated luminosity of 1fb−1 and corresponding to the different
mass values is reported in Table 2.
Mass (GeV/c2) 100 300 600 900 1100 1300 1500 1700 1800
S /
√
B 5.9 105 1.9 104 9.8 102 94 42 11.8 4.24 1.22 0.24
Table 2: Ratio of number of signal events over square root of number of background events
after applying all cuts described in the text for several gluino masses and an integrated
luminosity of 1fb−1.
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Figure 2: The left plot shows the integrated luminosity (pb−1) needed for 3 events, for the
four signal models (g˜ full circles, t˜1 full squares, τKK empty circles, τ˜1 empty squares) as a
function of HSCP mass. The right plot shows the mass distribution with 1fb−1 for two of
the lowest cross section samples (300GeV/c2 τ
KK
and 800GeV/c2 t˜1).
4 Conclusion
HSCPs could be among the very first discoveries achieved by ATLAS and CMS thanks to
the relatively high cross sections and the distinctive signatures in the detectors. Feasibil-
ity studies performed by the two experiments indicate that mGMSB staus and low mass
R-Hadron with mass below 1000GeV/c2 could be discovered with the first 100 pb−1 of inte-
grated luminosity. Other techniques to detect HSCP are also under investigation like the use
of calorimeters or the transition radiation tracker, but are not reported in this document.
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